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80V/105-59-8-2/26 
Levinshteyn, M. L., Docent, Candidate of Technical Sciences, 


Kadomskaya, K. P.,, Candidate of Technical Sciences 
Pescusiisisiees nat dd ae 


Requirements Placed Upon Arresters Used as a Protection Against 
Internal Overvoltages 


Elektrichestvo, 1959, Nr 8, pp 9 - 14 (USSR) 


In connection with the conversion of the electrical trans- 
mission lines from 400 kv to 500 kv the requirements placed 
upon arresters used as a protection against internal over- 
voltages are investigated. A study of internal overvoltages 

in the transmission line Votkinskaya GES (Votkinskaya Hydro- 
electric Power Station) - Sverdlovsk lead to the following 
conclusions. An arrester with given characteristics is capable 
of interrupting an aro provided that the forced voltage 
component in the line does not exceed (1.3-1.4)U),- In order 


to arrive at a reliable overvoltage protection other measures 
must be taken which go beyond the installation of arresters. 
The circuit breakers must be installed in such a way as to 
secure a selective disconnection of the breaker located at 
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the buses with she smaller power and similarly a seleative 
closing of the breaker at the buses with the higher power. 
The automation of the syatem must secure 4 reliable delay of 
the breakers of 1-2 periods. Measures must be taken to 
arrange for a discharge of the line capacity during the 
interval of automatio reolosure, and to place eleotromagnetio 
voltage transformers olose to the line, It appears to be 
desirable that when.the system is operative, a1] main connec- 
tions are under load. The oircuit breakers of modern trans- 
mission lines with 400 and 500 kv must be equipped with ohmic 
resistances shunting their main contacts. Recommendations 

are advanced concerning the improvement of the characteristics 
of the arrester developed in the Vsesoyuznyy elektrotekhniches- 
kiy institut im. Lenina (A11-Union Institute of Electrical 
Engineering imeni Lenin). There are 9 figures, 1 table, and 

2 Soviet references. 
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ASSOCIATION: Leningradskiy politekhnicheskiy institut im. Kalinina (Lenin- 
grad Polytechnic Institute imeni Kalinin) 


SUBMITTED: March 12, 1959 
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Higher-order harmonics in electric power transmission lines 
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Problem concerning the use of two-way switches with shunting 
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Solution of the equations of a long electric power transmission 
line using numerical and digital computers. Izv. AN SSSR. Energ. 
i transp. no.4:508513 Jl-Ag '63. (MIRA 16:11) 
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Comparison of the applicability of small parameter and harmonic 
balarice techniques in calculating the periodic operating conditions 
of electric power transmission lines with nonlinear parameters. 
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KADOMSKAYA, K.P,, kand.tekhn.nauk; LEVINSHTEYN, M.L., dotsent, kand.tekhn.nauk; 
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Methods for calculating higher harmonic voltages in systems with two 
nonlinear elements. Izv. vys. ucheb. zav.; energ. 6 no.10227-~35 


(MIRA 16:22) 


1. Leningradskiy politekhnicheskiy institut imeni M.I,Kalinina, 
Predstavlena kafedroy tekhniki vysokikh napryacheniy. 


O '63. 
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Shterenberg, G. P. (Leningrad) 

TITLE: Calculation of the internal overloads on long range power tra: 


lines using an electronic digital computer 
SOURCE: AN SSSR. Izvestiya. Energetika I transport, no. 5, 1964, 5€7-49: 


TOPIC TAGS: digital computer, D'Alambert method, Runge Cutt method, powe: tore - 
mission, discharge device. power overload, magnetic circuit, Euler method, memoris- 
ing device, computer programming 


ABSTRACT: The use of electronic digital computers to calculate the internal over- 
loads on long-range power transmission lines calls for the solution of the ordinary 
differential equations describing the transient conditions at the terminal instal- 
lations, and the equations of the line recorded in the O'Alambert form. Control 
calculations of the overloads on a 255-kV transmission line were made with a view 
to checking the accuracy of the various integration methods. The Runge-Cut* inte- 
gration method, with a step interval of 0.17 milliseconds, was adopted and snowes 

a margin of error of over 34, while the error in the Euler method of 
was abo 
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defined approximately. The approximate definition of the derivatives at the time 
of the current drop adds a certain amount of error to the sorutlon. The appros!- 
mate definition of the derivatives may lead to considerable unpredictirblp aoc 
in the case of three-pnsse power-tiarseission systems contacniag 


et severa!' po:nts. Ik shouid be pointed Gui that the method of sofving the equa- 
tion proposed by the authors reduces the necessary number of cells in the memor!:- 
Ing device raquired for storing the prearam (from 9 cells hy the Runge cto te onern. 4 
to 5 by the proposed method). '!n both cases It takes 60 ful! cells te memarize 

the delayed functors, The proposed method thus makes rt posseBle Co simpriry tre 


Programming problem and reduce the time required to solve it with a tolerapie de- 
gree of accuracy. Orig. art. has: 4& figures and 6 numbered formulas. 


ASSOCIATION: none 


SUBMITTED: 30Apr6u ENCL: 00 SUB CODE: OF, FE 
NO REF SOV: 000 OTHER: 000 
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AUTHOR: Gusev, Yu. M. (Engineer); Kadomskaya, K. P. (Candidate of technica 


sciences): Levinshteyn, M. L. (Candidate of technical sciences. Docent! 


TITLE: Analog-computer simulation of corona on wires of a-c power 
transmission line 


SOURCE: IVUZ. Energetika, no. 10, 1964, 15-24 
TOPIC TAGS: analog system, corona, corona discharge, power transmission line 


ABSTPACT: Aga analytical methods of calculating corona on power tracers eon 
lines are very complicated, the use of O. V. Shcnerbachev's corona siimuiaiu: 
(Trudv*® LPI. na. }, 1954) combined with ar analog computer is suggests d 
single equivalent [ -network, which reproduces the voit-coulombd «nara 

of corona, is employed. The corona-equivaient capacitance is assumed tu ve 
independen of the line voltage; other parameters of the equivalent circuit are 
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computed on the has:e af TOT INA “O88 in aA real tine. An exar.s.e ; 

¥ PE NGS iey @ Characteristic impedance of 250 ohms (base Power 
750 Mw) illustrates the Trethod; corona loss is assumed to de $45 «wee: 
Tesiuiting resuction of overvoitage due to corona is 6. 3% and 14%, 
Second max:ma of the tine Voltage wave. An approacn to suivine 
i@ss prohle~= :e ais- cred somst pa 


@ LLa8gf2ms anu corona-par 


Sing e-pnase | 


sae 
for the fre: 


5 ameciscz 
equations are given. An allowance for corona in calculating Overvoltages on 
superhigh-voltage power transmission lines is considered important. Orig. art 


has: 6 figures, 19 formmias, and 1 table, __ see ena 
~ ASSOCIATION: Leningradskiy politekhnicheskiy institut im. M. 1, Kalinina 
(Leningrad Polytechnic Institute) 
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(Use of analog computers in electric power systems} 
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Simulation of corona on an 4,¢. power transmission line using 
an analog computer. Iav. vys. ucheb. zav.; energ. 7 no.10: 
15-24 O ‘64. (MIRA 17:12) 


1. Leningradskiy politekhnicheskiy institut imeni M.J. Kalinina. 
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TR Re3 ORLOV, V.N.3 POLOVOY, I.F.3 KOSTENKO , M.V., prof. 
red. 


{Internal overvoltages of high-voltage a.c. networks, 1961- 
1963] Vnutrennie perenapriazheniia v elektricheskikh setiakh 
vysokogo napriazheniia peremennogo toka, 196]- 1963, Mo- 
skva, 1964. 24] pe (MIRA 18:4) 


1. Akademiya nauk SSSR. Institut nauchnoy informatsii. 
2. chee eotyenenaen AN SSSR (for Kostenko). 
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Calculation of internal overvoltages in long-distance power trans— 
mission lines using digital computers. Izv. AN SSSR. Energ. i transp. 
noe52587~592 S-0 '64, (MIRA 17:12) 
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Equations of the transient proq2sses of three-phase three-winding 


group transformers and autotransformers, Tredy LPI no.2422145-149 
165, (MIRA 18:8) 
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= AUTHOR: funey, Yu. M, tecineer) © make ‘ 
-|Levinshteyn, M. Db. (Candidate of technical sciences, 


loro: Leningrad Poi viechnical Institute imeni M. I. Kalinin (Leningradskiy politekh— 


nicheskiy institut ) 


QITLE: Effectiveness. of spark connection for. reactors hacen for limiting internal 
surges : 


--lsouRCE: IVUZ. Bnergetike, no. 2, . 1966, 12-18 


charge, voltage stabilization 


ABSTRACT: The number of reactors connected to = line under sepatitene of internal — 
surge limitation is generally greater than the ..umber necessary for. compensating, line 
capacity during low pover ‘transmission. For this: reason, some of the reactors are con 
nected to the line through spark gaps to limit internal curges in long-range ‘electric 
power transmission. The authors consider the effectiveness of this type of reactor 
—leonnection from tte standpoint, of its- effect cn maximum overvoltage. Maximum overvole |. 
jtage in switching commutation is a function of the following random guansttteee the 
enf switching ‘pase ¥ and the breakdown voltage of the reactor spark gap Yor In plot 
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KADOMSKIY, D. Ye. 
Kadomskiy, D. Ye. 


“Internal excess voltage in transformer equipment for QC power-transmiseion 
systems." Min Higher Education USSR. Leningrad Polytechnic Inst imeni 

M. I. Kalinin. Leningrad, 1956. (Dissertation for the Degree of Candidate 
in Technical Science). 


So: Knizhnaya letopis! 
No. 25. 1956. Moscow 
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Protection from overvoltages arising in the rectifier network of 
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(Electric current rectifiers) 
(Electric power supply to apparatus) 
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KADOMTSEV, BG. 
AUTHOR: , KADOMCEV,B.B. PA - 2008 
TITLE:” On the Hydrodynamic Description of Plasma Oscillations. 


PERIODICAL: Zhurnal Eksperimental'noi i Teoret.Fiziki, 1956, Vol 31, Nr 6, 
pp 1063-1084 (U.S.S.R. ) 
Received: 1 / 1957 Reviewed: 3 / 1957 


ABSTRACT: This paper investigates only electron oscillations, in which con- 
nection ions and molecules are considered to be infinitely heavy. Furthermore, 

the amplitude of the oscillations is assumed to be small and the distribution 
function of the electrons does not deviate much from MAXWELL's distribution f (v). 
Under the effect of the electric field the velocity of the electrons is increased 
by dv =-(eE/m)dt and thus the distribution function changes at the first moment 
by df'=(ar_/a¥)(eE/myat. In the following moments the distribution function change 
according to BOLTZMANN'S equation, in which case this modification is determined 
in the first stage by the free emission of eleotrons with gradual removal from the 
bundle (as a result of collisions). A formula is given for such electrons as have 
not suffered a single collision. - Also the electrons emerging from the primary 
bundle (which have suffered at least one collision) cause a certain change of the 
distribution function corresponding to equilibrium. By assuming that already one 
collision suffices for the establishment of MAXWELL'S equilibrium, this modifica- 
tion is represented as a modification of the parameters of HAXWELL'S distribution 
(i.e. of density, velocity, and temperature). This process can be described 
hydrodynamically and the corresponding hydrodynamic equations are: 
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dn/dten divie(a+p)n I, 5 dU/dt+Bus( a t,/an,) Vn+(*/n)V mot, aT/at +(2/3)T div ue 
-j Ane (app) (m/34)r,. Hore n and T denote the deviations of density and temper- 


ature respectively from the values n_ and UT. respectively, which Oorrespond to 
equilibrium, z - macroscopic velocity. The erm pu takes account of the slowing 
down of electrons by heavy particles, and Aq is the coefficient of temperature 
conductivity. The expressions on the right side of the equation are due to the 
emergence of electrons from the aforementioned distribution. In addition to the 
ae given equation system there is another equation for the electrio field: 
div =-4nxe(ntn') with n'en I,- The latter equation and the aforementioned equa- 
tion system represent the required transmission equations. In the case of “> @ 
they go over to emg hydrodynamic equations, and in the case of « = 6 = 0 
the equation div BE =- 4ne(ntn') is identical with the dispersion equation to be 
obtained by the linearization of the equation by A.A.VLASOV (teorija mnogich 
castic (many-particle theory)(1950)). From the aforementioned equation a dis- 
persion equation is deduced and its results are discussed. 
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KADOMTSEV,3B.B, 56_h-hB/52 
uctuations in a Gas. (0 fluktuatsiyakh v gaze, Russian) 

Zhurnal Eksperin. i Teoret. Fiziki, 1957, Vol 32, Nr 4, 

PP 943 - 944 (U.S.S.R.) 


The state of a gas is fully described by the distribution 
function of the particles within the phase space f(r,v,t), and 
therefore the problem of the fluctuations in a gas is reduced 
to the study of the correlation properties of the distribution 
funotion. By f, usually the statistical average density of the 
particles in the phase space is understood. This density, of 
course, cannot undergo fluctuations. If the fluctuations of the 
distribution functions are mentioned, the "real" density is 


actually meant: F(?,¥,t) « 2a(? = PALICA = vi) Here summation 


extends to all particles. The density F is regarded here as a chance 
order of magnitude which is identicsl with f only in the average. 
The function F satisfies the equation 


a > ; 
oP + (Fo)F 1 Pte t) Yat fue ED) p(ZsF,tyazear 


where m denotes the mass of the molecule and U - the potential 
energy of the interaction of the molecules among one another. 
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On Fluctuations ina Gas. — 56-4.-48/52 
In a perfect gas the interaction of the particles may be neglected, 
and in this case F(?,¥,t) = F(Z. - ¥(t - t.)s¥5t,) results from 
the formula just given, and herefrom furthermore: 

¥,¥,t)9(2.,¥, #,¥,t)8(r - ¥ Fr -F 
<9 ’ »t)e(z. 52%)? = f(r, »t)d(r - v(t - t,) = r8(¥ = °° 
Here 9 = F - f applies, and the average is expressed by the 
pointed brackets.) — 


The following work is destined to find the correlation by taking 
account of the collisions. In the case of not too dense gases only 
pair~-like collisions need be regarded. In this oase the right side 
in the first-mentioned equation can be given in form of a shock 
term S(P7F) (which is explicitely given here). ‘he solution of the 
problem set here is derived step by step. Wnen investigating the 
problem acourately and in the nonsteady case, the linearized | 
kinetic equation has to be solved hy means of a chance source. 
This equation also describes the further development of the chance 
disturbance of the distribution function. The kinetic method of 
investigation discussed here is very illustrative and, above all, 
applies also to the non-steady oase. 
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* AUTHOR KADOMTSEY, B.B. 

_ ~ TITLE On the Effeotive Field in a Plasma. 

va (0 deystvuyushchem pole v plazme.- Russian) 

PERIODICAL Zhurnal Eksperim, i Teoret. Fisiki 1957, Vol 355 Nr ly 
pp 151 = 157 (USSR) 


ABSTRACT The present paper. caloulates the effeotive field aoting 

on the. charged ‘particles in.a plasma by means of the equations 
by BOGOLYUBOY:for the "partial distribution functions". Here 
the trinary. function is represented approximatively by 4 
binary: function, which B corsesnonts to a development towards 
the small quantily 1/nD3. Here n denotes the density of the 
partioles.and 3 - Debye’s radius. By this fact an analogous 
development ie traneferred also to the ooupling of the effective 
field with the mean field. The author confines himself: to. the 
computation of. a correction which is small only of second 
order. Apart froa the ‘eleotrons, the plasma is assumed to | 
contaim only. simple donised fons of one kind. The author here 
introduces the conceptions “piorosoopio density" of the 
partioles in the phase spaces the corresponding expressions 
have ‘the. following forn. for electrons and ions reapeotively: 


CARD 1/2 ~= 8(7 ~2,(4))6(7 -7,(4)) ana 


56~7-22/66 
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KADONCEV, B.RB. PA - 2247 

The Invariance Principle for a Homogeneous Medium of Arbitrary Shape 
(Pintsip invarientnosti dlya odnorodnoy sredy poizvol’noy geometri- 
cheskoy formoy). 

Doklady Akademii Nauk SSSR,1957,Vol 112, Nr 5,pp 831-834 (U.S.S.R.) 
Received 4/1957 Reviewed 5/1957 
The present paper applies the principle of invariance to media of 
arbitrary shape, a faot which is of interest for the theory of the 
dispersion of light and for some problems of neutron-physics. Disper- 
sion is assumed not to change frequency (Generalization for the case 
with a modification of frequency does not offer particular diffi- 
culties). The investigated medium is assumed to be homogeneous and 
limited by a convex surface S. The corresponding transfer-equation 
is invariant with respect to a small motion in space. Therefore the 
effect of such a transformation can be fully taken into account by 

a@ modification of boundary conditions. This is just what is main- 
tained by the invarianoe principle in the general case. 

First the transfer equation for the influence-function is written 


‘down. The medium is shifted by the infinitely small quantity « in the 


direction of the unit vector @, on which occasion the locations of 
the source and of the observer remain unchanged. On this occasion the 
influence function G. goes over into a new function G’which is ob- 
viously equal to the old influence function but in which the points 
of observer and source have shifted. On the other hand, such a shift 


= 22 
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jvalent to a certain variation of density, where matter is re- 
octet one gide and added on the other. The variation 5G satisfies 
the transfer-equation and can therefore be represented by the in- 
fluence-function. Next, an integral equation for G is derived, in 
which one integral vanishes because of the boundary conditions. Then 
space is turned round the infinitely small angle € round a certain 
point ®. The resulting modification of ¢ is given. The six scalar 
equations which correspond to two veotor-equations form the mathe- 
matical formulation of the invariance prinoiple. For the determina- 
tion of these equations their homogeneity is very essential. 
{The author applies the here obtained equations to the problem of the 
diffuse reflection of light on a homogeneous medium. The solution of 
this problem is reduced to the determination of the influence-func- 
tion G(a),FiGesFo) on the condition that the points rg and ¥ are on 
the surface S. Here r denotes the radius veotor of radiation plotted 
pointand W’ the direction of the radiation in the plotted point. (The 
source is at point ro and emits radiation in the directiond@,. In the 


dons can be simplified. 
ar rae soattering the equat ine oenecetsaa 
M.A. LEONTOVICH, member of the Academy, on 27. 9. 1956. 
26. 9-6 1956 
Library of Congress 
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On the Influence Function in the Theory of the Transport of Radi- 
ated Energy. , 


every solution of the above equation oan be written down in the 
following form} re ps Ege 17, > } ; ye, 
I(y, a ¥,t)= {90 OF C)¥, i! z (E04 6, Lhe! Lid! Le 
As an initial condition I(w,@ , #, +t) = 0 at t= -0 is 
used here. Further,the here investigated medium is assumed to 
be surrounded by a convex surface 8, which surrounds all radiation 
sources. The following reciprocal theorem applies: The influence 
function satisfies the influenoe function conjugated with respect 
to the point of the source with the conjugated boundary sonditions. 
If on the surface 8 a source existe whioh transmits the radiation 
into the outer space, no radiation exists in the interior of 8. 
The conjugated equation oan be applied successfully in those prob= . 
lems, in which any characteristics of the radiation in dependense ~ 
on the parameters of the punotiform source have to be determined. 
From the general relation of the reoiprooity the optical rever-~ 
sibility results as a special oase. Problems further exist in 
which the intensity of the radiation must be devermined only in 
a part of the medium limited by the surface 8,. In conolusion, 
the boundary conditions valid for S, are derived. (Ni illustra- 
Card 2/3 tions). 
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out in 1957); pp. 300-326. 


“the Physics of Plasmas; Problems of Controlled Thermonuclear Reactions." Vol. IId, 


% 1958, published by Inst. Atomic Energy, Acad. Sci. USSR, 
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Available in Library. 
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* Fizika :plazmy 1 problema upraviyayemykh termoyadernykh reaktsiy, 
-t. IV. (Plasma Physics and the Problem of Controlled 
Thermonuclear Reactions, v» 4) [Moscow] Izd~vo AN SSSR, 1958. 
439 p. 3,000 copies printed. 


Resp. Ed.: Jeontovich, M.A., Academician. 


PURPOSE: This collection contains previously unpublished work of 
members of the Institut atomnoy energii (Institute of Atomic 
Energy) of the Academy of Sciences of the USSR. It is intended 
for scientist interested in this field. 


COVERAGE: ‘This book is the last of four volumes of previously 
unpublished work of members of the Institute of Atomic Energy 
during the period of 1951-58. The exploitation cards on the 
other volumes in this series have been released under the 
mumbers 1241, 1242, and 1243. 
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_~ 16.7800, 24.2000 76980 
S0V/56-37-6-20/55 
AUTHOR: KAdomtsev, B. B. 
TITLE: stability of 2 Low Preastire Plasma 
PERIODICAL: Zhurnal] eksperimental'noy 1 teoreticheskoy fiziki, 


1959, Vol 37, Nr 6, pp 1646-1651 (USSR) 


‘. ABSTRACT: Equations were derived describing ea local stability 

" : condition for an arbitrary toroidal system. The 

; problem of stability of a low pressure plasma in 
such systems was discussed. The surface of constant 
pressure, p = const, in such systems is a family of 
toroidal surfaces enclosed in one another. The sur- 
face is also a plane that encompasses the force lines 
of the magnetic field and the current. The following 
functions of p were introduced according to the method 
of M. Kruskal, R. Kulsrud (cf., Second United Nations 
Intern. Conf. on the Peaceful Uses of Atomic Energy, 


Geneva, 1958, p/1876): 
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y= | HuS., y= | HdSy: 
1 =\jdS;, Jonah = [nal (has, (le) 


4n 


Here, p - longitudinal magnetic flow through 
transverse cross section S, of the surface p = 
const; X -azimuthal flow €hrough surface S, 


passing through an arbitrary closed loop Ri parallel 


to the toroid p = const, and through magnetic axis 

2. that is the limiting surface of equal pressure 

as°’the cross section of the surface approaches zero; 

I - longitudinal current; J - azimuthal current 

including the current in the outer circuit; NQ - 

volume of toroid p = const. The magnetic field in 
Card 2/5 this geometry was represented in the form: 
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He (vd, vel. (1) 


where, 
9= 0 —phl +r, w=e(d) = dt/dd, (1 b) 


Here, nN is certain single-value function of the 
coordinate. AS may be seen from this equation 
HVW7= 0,'1.e., the relation S- const defines 
the position of the force lines on the surface 

= const, and therefore the Ned er the 
number of turns of the force line along the 
small perimeter on one passage around the toroid. 
The total energy E of small oscillations according 
to the hydrodynamic approximation was shown to be: 


B= T+V = pate + §( yp (div 9) dr +2 { (rot fn) dr — 
1 
Card 3/5 — Fe [arot MI rot fq] de +5 | uypdiv nar, (4) 
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Here, p - density of plasma; qw - the increment, 
assuming that the shift of the plasma from the 
equilibrium position changes with time according 
to the rule eW*. For the system with sufficiently 
deep modulating field, the condition of the stability 


dp &Q fp! dQ t dl dJ dQ R {dps 
ae lag ater wet area ae t aolagl > ae (HOD 


can be expressed as: 


wey < (na%/4|U|) (yu) (17) 


The last equation can be interpreted as the affinity 

of the plasma to occupy a space with a minimum 

"potential energy" U. Such a transition is hindered 

by the crossover effect of the force lines. There 

are 7 references, 1 Soviet, 2 German, 2 U.K., 2 
Card 4/5 U.S. The U.K. and U.S. references are: 
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M. Kruskal, R. Kulsrud. Second United Nations 

Intern. Conf. On the Peaceful Uses of Atomic Energy, 
Geneva, p/1876; J. Bernstein, E. Frieman, M. Kruskal, 
K. Kulsrud, Proc. Roy. Soc. A224, 19, 1958; B. Suydam. 
Second United Nations Intern. Conf. On the Peaceful 
Uses of Atomic Energy, deneva, 1958, p/354; J. Johnson, 
C. Oberman, R. Kulsrud, E. Frieman, Second United 
Nations Intern Conf. On the Peaceful Uses of Atomic 
Energy, Geneva, 1958, p/2170, 
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B014/B011 
AUTHORS : Kadomteev, B. Bey Rokotyan, V. Ye. 
CEE | 
TITLE: The Stability of a Plassal'in the Field of a Magnetic Dipole 


PERIODICAL: Doklady Akademii nauk SSSR, 1960, Vole 133, Noe 1, 
pp: 68-70 


TExT: The surface of the Barth with its relatively near ionosphere is an 
jdeal electric conductor, and therefore, the tangential component of the 
electric field is equal to zero. Tis leads to a forbiddenness of convec- 
tive instability, i.e., to 4a atabilization of plasma. This effect is in- 
vestigated with the aid of an energy principle according to which it is 
necessary and sufficient for the stability that the potential energy V of 
the small oscillations be positive. The general expression (2) for the 
potential energy is transformed into (5) by proceeding from the assumption 
of the Barth being an ideal conductor. (6) ia obtained as a minimum of 
(5), and with the variation of (6) the authors arrive at the same problem 
as arises in quantum mechanics on the motion of particlea ina potential 
well U. Thus, the condition desired for stability is derived from Je 
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inequality (7). B 
tains the forn. y Considering the lon it 
which, compared tooo Finally, a nunerioal intesntt? Condition (7) op. 
allows the study of Heenataty (1) (which holds ay ion leads to ) 
& dipole. There are 7 @ deviation of the geouagietic exact dipole), 
references; 3 Soviet, 3 Aurion; aan that of 
’ ritish, 


PRESENTED; fp 
ebruary 29, 1960, by M.A, Leontovioch Acad 
UBMITTED: January 4, 1960 | “= 
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V.72/ 
AUTHOR: Kadomtsev, B. B, 
rn rr ee 
TITLE: Turbulent particle leakage from a discharge in a strong 


magnetic field 
PERIODICAL: Zhurnal tekhnicheskoy fiziki, v. 31, no. 10, 1961, 1209-1219 


TEXT: Previous articles on the hydrodynamic instability of weakly 
ionized plasmas are discussed in the introduction. The intensifice 
diffusion of charged particles from the positive column of a glow cies- 
charge through a longitudinal magnetic field, which has been established 
by B. Lehnert et al. (Report P/146 on the Second Intern. Conf. on the 
Peaceful Uses of Atomic Energy, Geneva, 19583; Phys. of Fluids, 3, 600, 
1960), may explain instabilities of this kind. As is shown here, a 
similar instability may also ocour ina completely jionizad plasma. Only 
disturbances of temperature in a stabilized plasma filament produce in- 
stabilities. Such instabilities are called convection instabilities, 
because a turbulent convection, and thus, heat convection are caused 
thereby. It is shown that turbulent convection effects plasma cooling Xx 
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and particle leakage to the wall. A coefficient of turbulent u:ifusicon 
is introduced to estimate the lifetime Ts, in plasma. An experimental 


value of 1.7°10 aa sec is obtained for tie lifetime of particles ina 
stellarator with a diaphragm (radius a = 1.4 om, H « 3-104 oej. The 


theoretical value is about 3.1074 seo. The conclusion is atisines fie: 
the convection studied and the intensified particle diffusion fren 

the positive column in a magnetic field constitute two limiting execs of 
one and the same effect, i. e., convection instability. A weakly and «+ 
strongly ionized plasma differ merely in that in the latter ® Cesenes 
only on temperature, while in the former § is proportional to ths density. 
There are 1 figure and 8 references; 2 Soviet and 6 non-Sovici. The “ive 
most important references to English-language publications read ag 
follows: T. Coor et al., Report W362 on the Second Intern. Conf. on the 
Peaceful Uses of Atomic Energy, Geneva, 1958; R. A. Ellis vt al., Phy YE, 
of Fluids, 3, 468, 1960; J. B. Bernstein et al., Phys. of Fluids, 3, TAG, 
1960; L. Spitzer, Phys. of Fluids, 3, 659, 1960; 3B. B. Kadomtsov ct al.- 
J. of Nucl. Energy Part, C, 1, 230, 1960. 


SUBMITTED: January 9. 1961 ok 
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; 


AUTHOR: Kadomtsev, B. Be 
TITLE: 


Plasma convection in the positive Column in a magnetic field 


PERIODICAL: Zhurnal tekhnicheskoy fiziki, v. D1, no. 11, 1961, 1273 = 1283 
TEXT: The author invostigates the turbulent convection 
ionized plasma in a positive column, which is Caused by current ins tabili- 
ties when a sufficiently strong longitudinal magnetic field ig applied. 


In a study of the current-convection instabilities, the dispersion rela- 
tion 


1 of slightly 


be, kye (Qt)? dinn 


bk age — fe 
Ort Qr)jt 
w= (kv, — iD ft) 1 ee Oe de 
a ty OA ie A ans (4) 
“Tan Fine a 


is derived, where db, and by are the electron and ion mobilities, respecti-~ 


valy; if is the ion cyclotron frequency, and DS is the diffusion coeffi. xX 
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cient. For strong magnetic fields, i. e. (Rx)? > 1, the imaginary part 
of the complex frequency is =a 


— b, dl * k, bee a2 
Im (0) = EY ae Tae Beet Takk (6). 


This expression is discussed for different conditions, and it is shown 
that it can also be used for the case Sov wi. The turbulent convection 
of plasma in a strong magnetic field is represented similarly to the flow 
of an inhomogeneous incompressible liquid through a porous medium (cylin- 
drical coordinates): 


ee & Reus paceb a 
. —nu—n peas (2t)*r?u,e9-+- kQru_nre, ———n[hu]=yp, *-:: (11) 
s+ ayn-+-div (==-[ha]) =0. (12) 
div u = 0, (13) 
where U = : [Fv] ; p is the raiial unit vector; and p is an arbitrary 
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function of r and ¥3 j= H+ kz. In a study of the turbulent convection 
in a tube with a non-conducting wall, expressions are derived for the 
pulsations of the longitudinal and transverse components of the electric 
field. The method used to study the turbulent convection is checked by a 
comparison of theoretical and experimental results (F. C. Hoh, B. Lehnert, 
Phys. of Fluids, 3, 600, 1960; A. A. Zaytsev, M. Ya. Vasil'yeva, ZhETF, 
38, 1639, 1960; A. Simon, Report P/366 on the Second Intern. Conf. on the 
Peaceful Uses of Atomic Energy, Geneva, 19583 E. M. Reykhrudel', G. V- 
Spivak, ZhETF, 10, 1408, 49403 I. A. Vasil'yeva, Radiotekhnika i 
elektronika, 5, 2015, 1960). The theoretical curve (9, = B,/E,) versus 


ap ( a is the tube radius) is in good agreement with experimental results. 

A study of turbulent diffusion in a very long tube with conducting walls 
adjusted to the lines of force has shown that in 4 smooth metallic tube 

the electron density is constant everywhere, except in the immediate 
neighborhood of the wall. If the walls are rough, the character of 
difrusion near the walls is entirely different. Considerable diffusion 
occurs in the laminar layer. A. Engel! (Ionizovannyye gazy, Fizmatgiz, 

1959) is mentioned. The author thanks A. V. Nedospasov for discussions. Xx 
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There are 3 figures and 18 references: 8 Soviet and 8 non-Soviet. The 
four most recent references to English-language publications read as 
follows: ™, xk, Allen, G. A. Paulikas, R. V. Pyle. Phys. Rev. Lett., 5, 
409, 1960; R. A. Bllis, L. P. Goldberg, J. G. Gorman. Phys. of Fluids, 3 
468, 1960; ¢c. Ekman, F, C..Hoh, B. Lehnert. Phys. of Fluids, 3, 833, 
1960; F.C. Hoh, B. Lehnert. Report III b, 25 on the Fourth Intern. Conf, 
on Ionization Phenomena in Gases, Uppsala, 1959. 
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AUTHOR s _Kadontsev, B. 3. 

TITLE: Turbulence of plasma in a magnetio mirror trap 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, v. 40, 
no. 1, 1961, 326-336 


TEXT; The present paper brings a contribution to the problem of 
retaining high-temperature plasma in a magnetic airror trap. This in- 
vestigation was suggested by experiments of M. 8. Ioffe et al., where 

the lifetime of plasma had been determined for such cases and also the 
escape effects had been studied. Here, the author considers a single 
plasma column ABODE in a mirror trap which is shown schematically in 

Fig.1. If the eleotron energy is of the order of 10 ev at an ion energy 

of the order of 1 kev, then electrons are taken to be "cold", and T, = 0 


may be written. For the potential » along a plasma coluan the condition 
O<@ C(T/e)(H./H,-1) hae to be fullfilled, T denoting the ion temperature, 


H, the field strength on the surface, and i the field atrength in the 
Card 1/5 
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mirror. The electric contacts eat the tube ends are discussed and the yx 
problem of oonveotive instability ie examined. The theoretical analysis 

is limited to such a diluted plasma that collisions between particles oan 

be neglected, viz., the authors proceed from a kinetic equation without 

the collision term. Furthermore, a convection current is assumed with a 
frequency which is very small compared with the cyclotron frequency, and 

its characteristic length large compared with the Larmor frequency, s0 

that for a sero approximation, the last term of the equation of mction 


aft e 1 of 
can be dropped: >> + (¥V)¢ + si 1 [val} 2¢ = 0. For a small HL/H, 
(H. denotes the homogeneous magnetic field) and magnetic field lines with 
light curvature the transverse motion is desoribed by: 


av H ff 
) r ne {+ C) + al 
Mn a (#,9)%,} + Vp + enV = a] . Mng, where n = L fdv 7 
denotes the mean density in the plasma column with a mean length L, 
P= (4/1) (py/e)a2 is the mean transverse pressure, @ is radially 


oriented and amounts to 
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xs w/? 
ge | (py + Py) = aim ie | (r + Py) _ at dl, H) is the field in 


the center of the Ra rer(s) the distance ae the line of force to the 
axis of the system, r ont (520), dl is an element along the line of foroe, 


R ie the radius of Sureabece: vie 6 (ate /a)eaty f= F(¥-¥, ), ¥ vO: i o [ai], 


=7- a#/a, 2% is the longitudinal, and ¥ the total episettg. The 
electric field is given byA@ « -4xe(n-n, )s the equations of continuity for 


ions and electrons reads an/at + aiv(?,2) = 0, an /at + ¥Vn, = 0. The 

degree of density at whioh the plasma ‘will become unstable is determined 

next. The frequency is given by We- 4 mo + afte 2 20h [aya » with y 
» 4ne7H/M. An instability will ocour only at deunities with 2? San 2 Kash 

steht can be approximated on the condition that r> aR °? ain, 

r = n/une denoting the square of the Debye radius, a the Satu of the 
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chanber, Ro the radius of curvature for the lines of force near the wall. 


The turbulent convection is studied next; and after extensive calculations 
the following expression is found with an eleotron distribution near the 


wall n= wiq/a (ata)! 2s)? tor. Ane piaans aitetins, 


1/2 
2 +? au 
1% oT = Ca . » Oe area gv A is also a numerical 


2 
ne ef 


coefficient of the order of one, q = -Ddn /dx, N= const, the density in- 
side the chamber, i.e., at xa} D is thé coefficient of turbulent 
diffusion. The resulte agree well with experimental data of Ioffe, 

R. I. Sobolev, V. G. Tel'kovekiy, Ye. Ye. Yushmanov (Refe.6,7). The author 
thanks M. 8. Ioffe and V. G. Tel 'kovakiv for discussions. L.A. Artsimovich 
ia mentioned. There are z rigures ana / references: 3 Soviet-bloc and 

4 non-Soviet-bloc. 
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l ABSTRACT: The article is devoted to a special type of flute instability occurring in 
a mirror device, first described in an earlier paper (ZhETF Pis'ma v. 4, 15, 1966) and 
jcalled “trapped-particle" instability. In such an instability which a collisionless 
plasma can develop in a toroidal discharge with longitudinal magnetic field, the un- 
trapped particles play the role of an environmental medium characterized by a high di- 
electric constant. These particles can only reduce the potential associated with the 
trapped particles but cannot eliminate it completely. The toroidal system considered 
is of the Tokomak type. The equilibrium state is analyzed and the drift trajectories 
of the particles are determined ina specially chosen coordinate frame. An integral 
equation playing the role of a dispersion relation for the determination of the char- 
racteristic oscillation frequency is derived and investigated. The case of particle 
icollisions and instability by the trapped particles is then analyzed. The particles 
{trapped between the effective magnetic mirrors in the toroidal configuration are 
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An experimental investigation of the influence of uni- 
directional elastic tensions on the Curie point led to the 
following results: The displacement of the Curie point under 
unidirectional tension is three times smaller than under 
universal tension and is essentially «used by the change in 
volume which follows the tension. A torsion does not dis- 
place the Curie point. 
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